Abstract: Splash erosion is recognized as the first stage in a soil erosion process and results from the soil surface bombing by rain drops. At the moment when rain drops conflict with the soil surface, soil particles move and destruct the soil structure. Soil particles dispersed by rain drops and moved by runoff are two basic soil erosion processes. In this study, the effect of applying various amounts of polyacrylamide (PAM) (0, 0.2, 0.4 and 0.6 g/m 2 ) on the quantity of splash erosion at three rainfall intensities of 65, 95 and 120 mm/h by using of FEL3 rainfall simulator was investigated in marly soil in a laboratory. Results indicated differences in the effects of various treatments with PAM at all rainfall intensities, such as 0.6 g/m 2 PAM had the maximum effect on the splash erosion control by reducing soil erosion by about 28.93%. But statistical results showed that the use of various amounts of PAM (0.2, 0.4 and 0.6 g/m 2 ) for controlling splash erosion at various rain intensities to decrease splash erosion did not reveal a statistically significant difference. Therefore, the application of 0.2, 0.4 and 0.6 g/m 2 PAM reduced the splash erosion, however, there was no statistical difference among these application rates of PAM. Finally, the results of statistical analysis of different intensities showed that only at 120 mm/h there was a significant difference between PAM treatment and control treatment (0 g/m 2 PAM) in the splash erosion control. At this intensity, the treatment with 0.4 g/m 2 PAM produced a maximum effect on the splash erosion control with 40% in comparison with the control treatment.
Soil erosion is a global problem that threatens the natural resources seriously (Tripathi & Singh 2001) . So the most important environmental issues are agriculture and food production in the world. In recent years these factors have been intensified with the population increase and human activities transformation, so that about 75 billion tons of soils are eroded from lands each year (Lafen & Roose 1998; Brown & Quine 1999; Toy et al. 2002; Bayramin et al. 2003) . Splash erosion is recognized as the first stage in a soil erosion process that results from the soil surface bombing by rain drops. Soil particles are separated by rain drops and these particles will be transmitted by runoff (van Dijk et al. 2003; Leguedois et al. 2005; Qinjuan et al. 2008; Wuddivira et al. 2009 ). One of the most important and negligible indignant in erosion occurrence is soil characteristic. Movement of soil particles dull of cohesion is done by splash process, soil characteristics such as texture and organic matter (Wuddivira et al. 2009 ). One of the conservation methods against soil erosion is the use of soil conditioners such as chemical polymers. Polyacrylamides (PAMs), polymers with high molecular weights, are used to reduce soil erosion particularly in irrigated soils (Wallace & Wallace 1986 ). PAMs have a wide range of molecular weights and formulation types and can be identified as cationic, anionic or even nonionic atoms. Anionic PAMs, water-soluble compounds with about 150 000 monomers per molecule, are used for erosion and runoff control (Sojka et al. 2004) . In comparison with other polymers, PAM is the best soil conditioner because the amount of PAM needed to achieve the same or even better results of soil protection is 10-100 times lower (Sojka 2006) . The first comprehensive research on splash erosion and rain drop action mechanism on the soil surface was conducted by Elison at 1940 (Ghadiri 2006) . The assessment of rain drop splash importance in water erosion that was an unanticipated growth, opened a new era in soil erosion researches and caused a great extension in erosion anticipating models such as USLE, UROSEM and RUSLE. In these models the rain erosion potential is expressed as rain energy. After this big start, studying the rain drop effect and splash erosion was stopped for about 40 years. The main reason for this suspension was the complexity of processes that occur in a short time and result from rain drop confliction and studies of these processes also needed advanced equipment and accurate devices (Ghadiri 2006) . Also marly lands with high development in Zagros, Alborz and central regions of Iran, cover a large area of the country (Feiznia et al. 2007) . Marly units in watersheds have the highest rate of soil erosion and runoff yield. This property of marl plays an important role in reducing dam's useful age, increasing the flooding potential in watersheds, increasing water channel sedimentation areas and marine deaths (Naghavi et al. 2008) . In relation to the application of different materials in controlling soil erosion a lot of researches have been done, some of them are as follows. Öztaş et al. (2002) studied the effect of different levels (0, 0.001, 0.003, 0.005 w/w) of polyvinyl alcohol in stabilizing clay, sandy clay loam and sandy soils. The results showed that the amount of 0.005 w/w in clay soil had the highest influence and stabilized the soil about 95% more than the control treatment. Xiubin and Zhanbin (2001) illustrated that a kind of soil that includes Zeolite can increase water infiltration in soil between 7 and 20% on a moderate slope, while on steep slopes it can cause a 30% increase in the infiltration amount. Also studies that were conducted by researchers show that moisture increased between 0.4 and 1.8% in very dry conditions and between 5 and 15% in normal conditions. Sepaskhah and Bazrafshan-Jahromi (2006) examined the effects of different levels of PAM (0, 1, 2, 4 and 6 kg/ha) on different slopes (2.5, 5 and 7.5%) using a rainfall simulator in Shiraz University laboratory. Results indicated that (7.5%) the amount of 6 kg/ha for reducing runoff had the greatest impact in steep slopes while the amount of 4 kg/ha had the greatest impact on erosion reduction in 5 and 7.5%. Wuddivira et al. (2009) examined the polar effect of organic material and clay on the aggregate decomposition and splash value under different moisture treatments for 6 types of agricultural soils. Results showed that aggregate decomposition and splash value for soil with average clay content and low organic matter were lower than this amount in soil with a great amount of clay and low organic matter. Therefore there is one threshold container for clay and an assumption that the more the amount of clay increases because of ability of cementation of removing mechanism the more erosion is reduced was rejected. The studies were accomplished using a soil conditioner on the runoff and sediment value and the effect of this material upon soil erosion includes removing, transferring and deposition particularly of splash erosion as a starter and as the first process of soil erosion has not been attended yet. Stabilization of splash erosion, besides attention to its importance in destructing soil particles, moving these particles and polluters as the first process of soil erosion causes other kinds of erosions to be controlled. Also splash erosion control needs low cost in relation to other erosions. The purpose of this research is to investigate effects of various amounts of PAM (0, 0.2, 0.4 and 0.6 g/m 2 ) on the splash erosion control in marly soil and with rain intensities of 65, 95 and 120 mm/h using a FEL3 rainfall simulator.
MATERIAL AND METHODS
Soil characteristics. The present study was conducted in the Soil Conservation and Watershed Management Research Institute (SCWMRI), Tehran, Iran. Tested soil samples were collected in the region that is located 40 km from the Tehran-Qom highway, where soil layer slopes are 5 to 15% and soils depth is about 10 cm. After sampling, all the samples were transferred to the Soil Conservation and Watershed Management Research Institute. Soil properties were studied in the soil laboratory of Soil Conservation and Watershed Management Research Institute; the results of these studies are shown in Table 1 .
Soil texture according to a hydrometer method was determined as silt-clay-loam and includes 34.8% clay, 17.2% sand and 48% silt. FEL3 rainfall simulator model. For simulating rainfall, a FEL3 simulator model was used in the Soil Conservation and Watershed Management Institute. FEL3 rainfall simulator is a battalion page simulator that creates a good distribution of the raindrop sizes with their kinetic energy. Studying and researching on erosion, sedimentation, hydrology and watershed management are not possible without having proper and complete knowledge of rain and its related properties (Armen 2006) . For studying soil erosion accurately, the rain that is produced by rainfall simulator must be quite similar to natural rainfall. This similarity must be applied in rainfall intensity, uniformity of rainfall intensity, raindrop size and velocity of rain drop incidence (Toy et al. 2002) . In this study for the calibration of FEL3 rainfall simulator model two experiments were conducted as follows:
(1) Assessment of rainfall intensity and uniformity of rain intensity by increasing disk degrees (disk degrees can be changed by about 5-40 degrees). (2) Measuring the droplet diameter and its distribution in order to assess the disk crater size in rainfall distribution. The rainfall intensities of 65, 95 and 120 mm/h were considered as suitable intensities for tests. Average simulated rain diameters equal to 1.2, 1.48 and 1.57 mm were calculated at intensities of 65, 95 and 120 mm/h. Kinetic energy of simulated rain for rain intensities of 65, 95 and 120 mm/h equal to 27.7, 29.14 and 30.02 J/m 2 × mm was calculated using the Wishmayer Smith equation (1958) (Jayavardn & Rzaur 1999) . Experiments. After calibration of the rainfall simulator and measuring oven-dried samples and treating them with PAM, samples were put under the rainfall simulator with rain intensity of 65, 95 and 120 mm/h for about 10 min for each treatment, there were 3 repetitions. In this study 3 treatments of PMA, i.e. 0.2, 0.4 and 0.6, were used and a comparison with the control treatment.
After stopping the rainfall, samples were put in an oven again for 24 h at a temperature of 105 centigrade until their second weights were calculated.
Splash rate calculation method. According to Luk and Cai definition (1990) , the splash erosion measure in time units and surface units is defined as erosion rate and calculated on the basis of Eq. (1) (Qinjuan et al. 2008) .
( 1) where: S -splash rate (g/(min × m 2 ))
-sediment yield between t 1 and t 2 (g)
Splash erosion measure on the basis of Eq.
(1) and splash erosion rate for each treatment were obtained by calculating the average from 3 examined repetitions for that treatment in each sample.
Statistical analysis. After gathering and recording data in Excel environment, the SPSS 16.6 software (IBM, Armonk, USA)was used for statistical analyses. At the first stage, normally distributed variable test was performed using the Kolmogorov-Smirnov test. Then effectiveness value and significance of various values of PAM on controlling the splash erosion rate at each texture were tested by comparing averages and using one-way analysis of variance and simultaneous investigation of 2 factors intensity and different treatments of PAM on splash erosion and also by using two-way analysis of variance (Jain & Indurthy 2003) . In this research all statistical analyses were done at a 95% certainty level.
RESULTS
The results of statistical analyses show that different rates of PAM (0, 0.2, 0.4 and 0.6 g/m 2 ) for controlling erosion at rain intensities of 65, 95 and 120 mm/h did not provide any significant differences. In contrast, there was a significant difference between different rates of PAM and control treatment. In addition, the interaction between (Table 2 ). These results show that different rates of PAM (0, 0.2, 0.4 and 0.6 g/m 2 ) had a considerable effect on splash erosion reduction in comparison with the control treatment.
The results of Table 3 document that there is a significant difference between treatment 1 and treatments 3 and 4. With no consideration of rainfall intensity treatment, the rate of 0.6 g/m 2 of PAM has the highest effect on the splash erosion control. Using this amount of PAM, we would have about 27.44% reduction in splash erosion while the rates of 0.2 and 0.4 g/m 2 cause about 13.8 and 23.43% decrease in soil erosion, respectively.
In order to investigate the effects of treatments in each intensity of rain individually, one-way analysis of variance was performed. Now the effects of different treatments of PAM were studied at rain intensities separately. 
Intensity of 65 mm/h
The results showed that different rates of PAM (0, 0.2, 0.4 and 0.6 g/m 2 ) in the splash erosion control did not produce any statistically significant difference in comparison with the control treatment (Table 4) . Figure 1 shows the effect of PAM on splash erosion in marly soil at the rain intensity of 65 mm/h. This figure also illustrates that the control treatment had the highest splash measure and by increasing PAM rates the amount of splash erosion is reduced. In this figure it can be understood that the rate of 0.6 g/m 2 has the highest effect on reducing splash erosion. According to Table 4 there are not any significant differences between variant rates of PAM in comparison with the control treatment.
Intensity of 95 mm/h
Results of statistical analysis showed that at this rain intensity, different amounts of PAM did not provide any significant difference from the control treatment. In Table 4 one of the outputs of statistical analysis is presented. Figure 2 illustrates the results of investigation of different rates of PAM (0.2, 0.4 and 0.6 g/m 2 ) on splash erosion reduction in marly soil at the rain intensity of 95 mm/h. As you can see, the higher the amount of this material, the lower the amount of splash erosion. According to what is presented in Table 4 there was not a significant difference between various amounts of PAM and control treatment.
Intensity of 120 mm/h
The results of statistical analysis show a significant difference between different rates of PAM (0.2, 0.4 and 0.6 g/m 2 ) and control treatment at the rain intensity of 120 mm/h. This proves that PAM can be effective only at this rain intensity (Table 4 ). 
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Soil & Water Res., 7, 2012 (4): 159-165 The results in Table 5 show that the rate of 0.4 g/m 2 has the highest effect on the splash erosion control in comparison with the others, as it caused about 40% depression in splash erosion while the rates of 0.2 and 0.6 g/m 2 caused about 22 and 33% decrease, respectively. Figure 3 illustrates the results of PAM effects on splash erosion in marly soil at the rain intensity of 120 mm/h.
DISCUSSION
The results of this research document that the rates of 0.2, 0.4 and 0.6 of PAM did not result in any significant difference in reducing splash erosion at rain intensities of 65, 95 and 120 mm/h among all the intensities. The reason is that the molecules of polyacrylamide do not enter in the soil clog and remain on the soil surface and it can prevent soil surface cracks and stabilize soil clogs. In soils that are exposed to rain, aggregate fragmentation is the first stage that leads to the soil crust formation. Due to high molecular weight this substance cannot penetrate into the aggregates and remains on their surfaces and causes the hardness of soil to be increased and not to be collapsed when the rain drops collide with soil and be resistant to erosion. This process decreases the splash erosion.
In this research due to high rain intensity and as a result of intensified bombardment of the soil surface with rain drops, the protective layer formed by polymers was degraded rapidly and did not have any effect on reducing splash erosion at various rain intensities. So lower rates should be considered for studying the effects of intensity. This paper aimed to study the effects of polymers in heavy and destructive showers in arid and semiarid regions of Iran.
In contrast, the effect of different amounts of polyacrylamide (0.2, 0.4 and 0.6 g/m 2 ) and the control treatment illustrated a significant difference, in the interaction of intensity of two main factors and treatment no statistically significant difference was observed. Results showed that different amounts of polyacrylamide (0.2, 0.4 and 0.6 g/m 2 ) were effective in the splash erosion control in comparison with the control treatment and decreased the rate of splash erosion. The application of polyacrylamide (PAM) for stabilizing the soil structure and increasing its resistance to erosion causes a great depression in soil erodibility factor, increases water infiltration and reduces runoff. So this kind of polymer reduces splash erosion by increasing the resistance of soil to rain drop impact. On the other hand, this kind of erosion does not depend only on rain drop impact and the creation of one layer of water on the soil surface is worse than this factor and has a higher effect on erosion rate. In this situation the use of polymer can decrease the thickness of water layer by increasing penetration and also increase splash erosion. The results showed that the rate of 0.6 g/m 2 had the highest efficiency in the splash erosion control in comparison with the other rates of PAM at the rain intensity of 120 mm/h and the amount of 0.4 g/m 2 was so effective in the splash erosion control that it could reduce the amount of soil erosion by about 40%. Aggregating PAM molecules on the soil surface cause the soil aggregations to become firm and soil erosion to be reduced. Splashing soil aggregations as the first step in the soil erosion process leads to the soil surface sealing. Because molecular weight is so high, soil erosion would be reduced as well. We can understand from the results of this research that for controlling soil erosion in marly soils, there is a need to use a considerable amount of PAM, because soil winds have a high potential in generating sediments and also as it was mentioned in research, the rate of 0.4 g/m 2 of PAM has the highest effect on reducing the erosion rate in soils. The result of this study has a great accordance with the results obtained by Sepaskhah and Bazrafshan-Jahromi (2006) and Aase et al. (1998) . We concluded from results that PAM reduces erosion and it mainly reduces the initial stage of erosion, i.e. splash erosion. Controlling splash erosion is the most important factor in an erosion control program especially in the arid environment. Aggregating PAM molecules on the soil surface cause the soil aggregations to become firm and soil erosion to be reduced. Splashing soil aggregations as the first step in the soil erosion process leads to the soil surface sealing. Because molecular weight is so high, soil erosion would be reduced as well.
